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PURPOSE:To improve light emission efficiency 
without lowering internal emission efficiency, and 
to provide a light-emitting diode manufacturing 
method with which a light-emitting diode, having 
chemical stability and sufficient strength, can be 
manufactured by a relatively simple method. 
CONSTITUTIONS buffer layer 1 1, an 
intermediate band gap layer 12, an N-type first 
semiconductor layer 40 consisting of the first clad 
layer 13, an undoped light-emitting layer 14, the 
second clad layer 15, a P-type second 
semiconductor layer 50, consisting of a cap layer 15, 
are epitaxially grown successively on an N-type first 
substrate 10. Then, a P-type second substrate 20 is 
placed on the second semiconductor layer 50, and 
they are junctioned. This junction is conducted by 
performing a heat treatment at high temperature in 
the state wherein pressure is added by a weight 30 
on the second substrate 20. It is desirable that the 
direction of crystal axes of the second substrate 20 
and the cap layer 1 6 are coincided with each other. 
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BACKGROUND OF THE INVENTION 



1 . Field of the Invention: 

The present invention relates to a method for producing a light emitting diode (hereinafter referred t< 
'LED'), and more particularly to a method for producing an LED to be used for display and transmis: 
purposes. 

2. Description of the Related Art: 

There has been a demand for a bright LED to be used for many applications including a display app< 
One approach to make a bright LED is to improve the external emission efficiency of the light emitb 
inside an LED. 

An LED is made of semiconductor materials having high refractive indices, e.g. approximately to th 
of 3.5, which means total reflection can easily occur. Therefore, in the case where light is emitted fix 
plane face of the LED, only light which enters into the plane face at an angle less than the critical an 
propagate to the outside. Therefore, because of the total reflection, the external emission efficiency c 
LED is usually not so high. 

A common method for improving the external emission efficiency of an LED is to use a material cai 
of transmitting the generated light for a semiconductor substrate and to form a reflector on the back- 
the semiconductor substrate. In such an LED having a substrate transparent to the generated light, lij 
reflected from the lower face of the semiconductor substrate can be emitted from the upper face, sid< 
etc., whereas only the light emitted from the upper face can be utilized in cases where the semicondi 
substrate is made of a material which does not transmit the generated light.LEDs having a substrate i 
transparent to the generated light are realized as infrared LEDs in which a semiconductor material oJ 
InGaAsP-type is used, infrared and red LEDs in which a semiconductor material of an. AlGaAs-type 
used, yellow LEds in which a semiconductor material of a GaAsP-type is used, and green LEDs in v 
semiconductor material of a GaP-type is used. 

On the other hand, there have been developed red, yellow, and green LEDs in which a semiconductc 
material of an AlGalnP-type is used, and green and blue LEDs in which a semiconductor material oi 
ZnCdSSe-type is used. However, the above-mentioned technique of forming the substrate with a ma 
transparent generated light is not applicable to these LEDs, because the lattice-matching conditions { 
satisfactory in suoh applications. Moreover, the internal emission efficiency of the above-mentioned 
in the case where a substrate that is opaque to generated light is used, tends to decrease because the 
substrates opaque to generated light are not suitable for these LEDs. 

The internal emission efficiency of these LEDs can be improved by constituting their semiconductoi 
substrates with a material opaque to generated light and growing the above-mentioned semiconductc 
materials on the substrates. However again, the external emission efficiency of such LEDs are inevit 
lowered since the substrates that are opaque to generated light are used, as is described above. 

Japanese Laid-Open Patent Publication No. 3-274770 discloses an LED having the configuration sh< 
Figure 13, in which the above-mentioned problems are solved. The LED is fabricated in the folio wir 
manner: First, are an n-AHnP first cladding layer 901, an undoped AlGalnP light emitting layer 902, 
AllnP second cladding layer 903, a p-AJGalnP intermediate band gap layer 904, and a p-AlGaAs ret 
layer 905 are grown on a first n-GaAs substrate 900 in this order, by the use of an MOCVD (Metal 
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Organic Vapor Phase Epitaxy) method. Next, the first n-GaAs substrate 900 is removed, and electro^ 
formed. Thereafter, the LED structure is mounted on a stem, the p-AlGaAs retaining layer 905 being 
disposed at the bottom. 

However, the above-mentioned fabrication method has the following problems: Firstly, an LED pro^ 
by this method requires the p-AlGaAs retaining layer to be formed very thick so that the overall LEI 
maintain physical strength after the removal of the first n-GaAs substrate 900. This requires too muc 
for the formation of the p-AlGaAs retaining layer 905 in cases where the above-mentioned MOCVE 
method is used. Secondly, in the case of an LED in which an AlxGal-xAs (0 </= X </= 1) retaining 1 
used, it is necessary to set the content rate X at a value near 1 in order to ensure that the retaining lay- 
transparent even in cases where the generated light is of a short wavelength such as that in the green 
band.However, this leads to the problem in that the retaining layer is susceptible to oxidation in air, i 
becoming chemically unstable. 



SUMMARY OF THE INVENTION 



According to the present invention, a method for producing a light emitting diode includes the steps 
forming a first semiconductor multilayer on a first semiconductor substrate having a first conductivii 
type, the first semiconductor multilayer including at least one first semiconductor layer having the fi 
conductivity type; forming a light emitting layer on the first semiconductor multilayer; forming a se< 
semiconductor multilayer including at least one second semiconductor layer having a second conduc 
type; disposing a second substrate which is transparent to light emitted from the light emitting layer 
second semiconductor multilayer; and bonding the second substrate and the second semiconductor 
multilayer through direct bonding with heating a vicinity of an interface between the second substrat 
the second semiconductor multilayer. 

In one embodiment of the invention, the second substrate is made of a semiconductor material havin 
second conductivity type. 

In another embodiment of the invention, the second substrate is made of at least one selected from tf 
group consisting of GaP, ZnSe, ZnS, and SiC. 

In still another embodiment of the invention, the second substrate is made of a dielectric material. 

In still another embodiment of the invention, the second substrate is made of at least one selected frc 
group consisting of A1203, glass, Ti02, MgO, and a compound thereof. 

In still another embodiment of the invention, the bonding step is conducted by applying a pressure fi 
the side of at least one of the first substrate and the second substrate. 

In still another embodiment of the invention, the disposing step is conducted in such a way that a cr> 
axis of the second substrate and a crystal axis of the second semiconductor multilayer are aligned wi 
each other. 

In still another embodiment of the invention, the second semiconductor multilayer includes a plurali 
second semiconductor layers, and wherein one of the plurality of second semiconductor layers that i: 
contact with the second substrate has the same composition as that of the second substrate. 

In still another embodiment of the invention, the method further includes the step of providing grooA 
at least one of a face of the second semiconductor multilayer and a face of the second substrate that i 
contact with the second semiconductor layer, the grooves reaching at least one edge of at least one o 
faces. 
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In still another embodiment of the invention, the method further includes the step of removing at lea 
portion of the first semiconductor substrate after bonding the second semiconductor multilayer and t 
second substrate. 

In still another embodiment of the invention, the method further includes the steps of: forming an etc 
stopper layer between the first semiconductor substrate and the first semiconductor multilayer, the el 
stopper layer having the first conductivity type and having a composition different from a compositi< 
the first semiconductor multilayer; and removing the first semiconductor substrate until at least the e 
stopper layer is exposed after the bonding step. 

In still another embodiment of the invention, the method further includes the steps of: forming an eh 
on a portion of a face of the first semiconductor substrate exposed after removing at least a portion o 
first semiconductor substrate; and forming a reflective film on at least a portion of the exposed face ■ 
first semiconductor substrate except where the electrode is formed. 

In still another embodiment of the invention, the method further includes the steps of: forming an ek 
on a portion of a face of the first semiconductor substrate exposed after removing at least a portion o 
first semiconductor substrate; removing at least a portion of the first semiconductor substrate, the fir 
semiconductor multilayer, and the light emitting layer to expose a portion of a face of the second 
semiconductor multilayer; and forming an electrode on a portion of an exposed face of the second 
semiconductor multilayer. 

In still another embodiment of the invention, the method further includes the step of forming a dopaj 
layer having the second conductivity type on at least one of a face of the second semiconductor mult 
and a face of the second substrate before the bonding step. 

In still another embodiment of the invention, the heating is conducted by radiating light through the 
substrate, the light having a wavelength absorbable by the second semiconductor multilayer. 

In still another embodiment of the invention, the heating is conducted by radiating light through the 
substrate, the light having a wavelength absorbable by the dopant layer. 

According to another aspect of the invention, a method for producing a light emitting device include 
steps of: forming a semiconductor multilayer on a first substrate, the semiconductor multilayer inclu 
least a light emitting layer; disposing a second substrate which is transparent to light emitted from th 
emitting layer on the semiconductor multilayer; bonding the second substrate and the semiconductor 
multilayer through direct bonding with heating a vicinity of a interface between the second substrate 
the semiconductor multilayer; and removing at least part of the first substrate. 

In a method for producing an LED according to the present invention, semiconductor layers includir 
light emitting layer are formed on a first substrate which is opaque to the light emitted from the light 
emitting layer but is almost lattice-matched with the semiconductor layers. Therefore, the light emitt 
layer emits light with a high internal efficiency. A second substrate is bonded above the first substrai 
which a light emitting structure is layered, so as to improve a external emission efficiency. As a resu 
according to the present invention, an LED which inherently achieves a higher internal emission effi 
by forming semiconductor layers on a semiconductor substrate opaque to generated light can be alio 
a high external emission efficiency without deteriorating the internal emission efficiency.Therefore, 
present invention greatly contributes to the improvement of luminance and productivity of LEDs. 

Thus, the invention described herein makes possible an advantage of providing a relatively simple ir 
for producing a chemically stable LED with sufficient physical strength and improved external emis 
efficiency, without sacrificing the internal emission efficiency of the LED. 

This and other advantages of the present invention will become apparent to those skilled in the art uj 
reading and understanding the following detailed description with reference to the accompanying fig 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross-sectional view showing an LED in a step during a fabrication method according t 
first example of the present invention. 

Figure 2 is a cross-sectional view showing an LED obtained in a first example of the present invents 

Figure 3 A is a cross-sectional view showing an electrode pattern for the LED according to a first ex* 
of the present invention. 

Figure 3B is a cross-sectional view showing an electrode pattern for the LED according to a first ex£ 
of the present invention. 

Figure 4 is a cross-sectional view showing an LED in a step during a fabrication method according t 
second example of the present invention. 

Figure 5 is a cross-sectional view showing an LED obtained in a second example of the present inve 

Figure 6 is a schematic view showing a bonding process of a second semiconductor layer and a seco 
substrate of an LED according to a second example of the present invention. 

Figure 7 is a cross-sectional view showing an LED in a step during a fabrication method according t 
third example of the present invention. 

Figure 8 is a cross-sectional view showing an LED obtained in a third example of the present invent: 

Figure 9 is a cross-sectional view showing an LED in a step during a fabrication method according t 
fourth example of the present invention. 

Figure 10 is a cross-sectional view showing an LED obtained in a fourth example of the present inve 

Figure 1 1 is a cross-sectional view showing an LED in a step during a fabrication method according 
fifth example of the present invention. 

Figure 12 is a cross-sectional view showing an LED obtained in a fifth example of the present inven 
Figure 1 3 is a cross-sectional view showing a conventional LED. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Hereinafter, the present invention will be described by way of examples, with reference to the 
accompanying drawings. Like components will be indicated by like numerals throughout Figures 1 t 
unless specified otherwise. 

Example 1 

Figure 1 shows a cross section of an LED in a step during fabrication according to the present exam] 
Figure 2 shows a cross section of the LED produced by a method of the present invention. 
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As is shown in Figure 2, an AlGalnP-type LED of the present example includes an n-type first 
semiconductor multilayer 40 and a p-type second semiconductor multilayer 50 opposing each other, 
light emitting layer 14 interposed therebetween. The first semiconductor multilayer 40, which is con 
of a buffer layer 1 1, an intermediate band gap layer 12, and a first cladding layer 13, is formed on a 3 
substrate 10 made of an n-type semiconductor material opaque to the generated light. The second 
semiconductor multilayer 50 is composed of a second cladding layer 15 and a capping layer (not she 
The capping layer and a second substrate (not shown) formed thereupon, which are made of a p-type 
semiconductor material transparent to the generated light, integrally define a retaining layer 60. Bacl 
electrodes 26 are formed on the lower face of the first substrate 10. A frontside electrode 25 is forme« 
the upper face of the retaining layer 60. 

The LED having the above-mentioned configuration is fabricated in the following manner, accordinj 
the present example: 

First, as is shown in Figure 1, the buffer layer 1 1, the intermediate band gap layer 12, the first claddi 
layer 13, the undoped light emitting layer 14, the second cladding layer 15, and the capping layer 16 
epitaxially grown, in this order, on a surface of the first substrate 10 made of the n-type semicondud 
material opaque to the light emitted from the light emitting layer 14, by an MOCVD method. The su 
of the first substrate 10 is the (100) plane. Next, a dopant layer 17 is formed on the capping layer 16 
vacuum evaporation method. The dopant layer 17 is made of Zn and has a thickness of 5 nm. 

Then, a surface of the second substrata 20 having the (100) plane is subjected to a slight etching trea 
etc. The second substrate 20 is made of the same material as that of the capping layer 16 and can traj 
the light emitted from the light emitting layer 14. The second substrate 20 is disposed on the capping 
16 in such a way that the etched surface of the second substrate 20 is in contact with the capping lay< 
and that the crystal axes of the second substrate 20 is aligned with the crystal axes of the capping lay 
Next, a weight 30 (10 g/cm<2>) made of carbon whose surface is treated so as to be rough is dispose 
the second substrate 20. Herein, the term 'crystal axis' means the orientation flat direction, or the din 
of the cleavage plane. 

Thereafter, the above-mentioned LED structure is heated to 650 DEG C under a hydrogen (H2) 
atmosphere, and is irradiated with a YAG (Yttrium Aluminum Garnet) laser beam through the secon 
substrate 20, and is left for 2 hours. Thus, the second semiconductor multilayer 50 and the second su 
20 are bonded through directly bonding. After the bonding of the second semiconductor multilayer f 
the second substrate 20, the dopant layer 1 7 disappears due to diffusion of the zinc to the second sub 
20 and to the capping layer 16. As a result, the capping layer 16 and the second substrate 20 are intej 
to constitute the retaining layer 60, as is shown in Figure 2. 

In the present example, the sizes, thicknesses, and compositions of the substrates 10 and 20 and the < 
semiconductor layers may be those shown below, for example: 

The first substrate 10: (composition) n-GaAs; (thickness) 300 mu m: (size) 10x12 mm<2>. 
The buffer layer 1 1 : (composition) n-GaAs; (thickness) 2 mu m. 

The intermediate band gap layer 12: (composition) n-Ga0.5In0.5P; (thickness) 0.1 mu m. 

The first cladding layer 13: (composition) n-A10.5In0.5P; (thickness) 1 mu m. 

The light emitting layer 14: (composition) (A10.2Ga0.8)0.5In0.5P; (thickness) 0.5 mu m. 

The second cladding layer 15: (composition) p-A10.5In0.5P; (thickness) 1 mu m. 

The capping layer 16: (composition) p-GaP; (thickness) 2 mu m. 
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The second substrate 20: (composition) p-GaP; (thickness) 300 pm; (size) 10 x 12 mm<2>. 

Next, the first substrate 10 is etched so as to be left with a thickness of 10 mu m. Then, the front-sid< 
electrode 25 made of AuZn is deposited on the upper face of the second substrate 20 by evaporation, 
patterned into a circular shape by a photolithography technique, as is shown in Figure 3 A. The back- 
electrode 26 made of AuGe is deposited on the lower face of the first substrate 10. Thereafter, a resij 
pattern having a dot pattern is formed on the back-side electrode 26 by a photolithography technique 
shown in Figure 3B. Portions of the back-side electrode 26, the first substrate 10, the buffer layer 1 1 
the intermediate band gap layer 12 which are not covered by the resist pattern are removed. Thereaft 
resist pattern is also removed. 

The above-described LED structure is divided into chips by dicing. Each chip is attached to a stem b 
means of an electrically conductive paste in such a way that the back-side electrodes 26 are electrica 
connected to the stem. Next, wires are bonded on the front-side electrode 25. Then, each chip is seal 
with resin. 

The interface between the capping layer 16 and the second substrate 20 which constitute the retainin 
60 was observed from above the retaining layer 60 by means of an optical microscope. It was confin 
that junction defects were present only in the vicinity of a small amount of dusts remaining in the in1 
and that the junction between the capping layer 16 and the second substrate 20 had uniformly been 
achieved for the most part. The strength of the bonding was such that no peeling occurred after the d 
step, during which a very large force is applied to the LED structure. 

The lattice constants of the GaAs used for the first substrate 10 and the GaP used for the second sub; 
20 are, respectively, 5.653 angstroms and 5.451 angstroms, making a difference of 3.7% (based on tl 
lattice constant of the GaP). In view of the possible occurrence of lattice defects owing to the 3.7%'s 
difference in lattice constants, a cross section of the interface between the capping layer 16 and the s 
substrate 20 was observed by means of an ultra-high-resolution microscope. While some lattice defe 
were found in the capping layer 16 and the interface, none was observed in the other portions. As a 
comparative example, an LED was fabricated in which a p-GaP layer was grown to a large thickness 
place of a retaining layer by the use of an MOCVD method, whose cross section was observed. A nu 
of lattice defects were found in the overall p-GaP layer, indicative of the relative advantage of the 
fabrication method of the present invention. 

There arises a notch at the interface of the second substrate 20 and the capping layer 16 due to band 
discontinuity. The dopant layer 17 is provided in the interspace between the capping layer 16 and th< 
second substrate 20 so as to reduce electric resistance caused by the notch at the interface. Zn, or anc 
group II element of the periodic table is used for the dopant layer 17 in the present example, while S 
and Te, which are the group VI elements of the periodic table, may alternatively be used in the case 
the second substrate 20 and the capping layer 16 have n-type conductivities. 

Although the thickness of the dopant layer 17 is 5 nm in the present example, it may be any value wl 
preferably the same as or less than 100 nm so that the dopant layer 17 can disappear due to diffusion 
the capping layer 16 and the second substrate 20 are bonded through direct bonding. Furthermore, th 
dopant layer 17 need not be provided at all. 

The method of the present example has an advantage in that semiconductor properties of the obtaine 
do not deteriorate due to the overheating of the internal semiconductor structure thereof, because lig] 
having a wavelength absorbable by the dopant layer 17 is used for the irradiation so as to only local! 
the bonding interface between the dopant layer 17 and the second substrate 20. Although a YAG las< 
used as a light source in the present example, a halogen lamp, an Ar laser, and a C02 may alternativ 
used as long as light of a wavelength transmittable through the second substrate 20 is generated. Alt! 
the light-induced heating is conducted through the second substrate 20 in the present example, it ma; 
alternatively be conducted through the first substrate 10. It is also applicable to conduct a conventioi 
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heating instead of the light-induced heating. 

The bonding between layers improves as the temperature at which the bonding is conducted increase 
however, the temperature should not be too high so as not to destroy the semiconductor layer structu 
the LED. Accordingly, the temperature range should preferably be in the range of room temperature 
DEG C in the case of light-induced heating, and in the range of 300 DEG C to 900 DEG C in the caf 
conventional heating. Although a hydrogen (H2) atmosphere is used in the present example, an atmc 
of vacuum, PH3, AsH3, alkyl phosphines, or alkyl arsines may suitably be used. Also applicable are 
atmospheres of N2, dry air, Ar, etc. The weight 30 is dispensable in the bonding process.However, ii 
preferable to use a weight as long as the substrates are not destroyed thereby, e.g. a weight in the ran 
10 kg/cm<2>, in view of possible dislocation of layers due to physical vibration and warping of the 
substrates. 

Although the second substrate 20 is made of GaP in the present example, it may alternatively be ma< 
ZnSe, ZnS, SiC, etc. as long as it is capable of transmitting the generated light. The surface treatmen 
also be conducted for the capping layer 16 as well as for the second substrate 20, or, in the alternativ 
conducted at all. Although the surface treatment is conducted by etching in the present example, it ir 
alternatively by a washing process with purified water, for example. 

Although the surface of the first substrate 10 is prescribed to be the (100) plane in the present examp 
present invention intends to provide no restrictions therefor. For example, it is also applicable to use 
surface orientation tilting from the (100) plane by 1 to 15 DEG . The (1 1 1) A plane and the (1 1 1) B ; 
can, similarly be used. The conductivity of the first substrate 10 may alternatively be a p-type, in wh 
case the respective conductivities of the layers 1 1 to 16 and the second substrate 20 are to be reverse 
for the removal of the first substrate 10, it may be conducted by lapping instead of etching, or may n 
conducted at all in the alternative. 

The surface orientations of the first and second substrates 10 and 20 do not need to be identical. For 
example, it has been confirmed that a sufficient bonding was realized in the case where the surface 
orientation of the first substrate 10 may be tilted by 10 DEG from the (100) plane, the surface orient 
of the second substrate 20 being the (100) plane. The crystal orientations of the first and second subs 
10 and 20 do not need to be aligned with each other, either. For example, it has been confirmed that 
sufficient bonding was realized in the case where the [011] orientation of the first substrate 10 is disl 
by 1 to 2 DEG from the [01 1] orientation of the second substrate 20. It is possible to achieve bondin: 
in cases where the crystal orientations of the first substrate 10 is dislocated more drastically, e.g. 45 : 
from that of the second substrate 20. 

The capping layer 16 allows the bonding of the second semiconductor multilayer 50 and the second 
substrate 20 to be done easily and rapidly, and at a low temperature. Although it is possible to achie^ 
bonding without forming the capping layer 16, in which case the cladding layer 15 comes on top of j 
layers in the second semiconductor multilayer 50, it is preferable to provide the capping layer 16, wl 
makes for a better bonding. 

The buffer layer 1 1 is provided in the interspace between the first substrate 10 and the intermediate 1 
gap layer 12 so as to achieve a good crystal growth in the present example. However, the buffer laye 
dispensable. The intermediate band gap layer 12 is provided so as to minimize electrical resistance v 
would occur in an interface between the buffer layer 1 1 and the first cladding layer 13 in the case wl 
they are in direct contact with each other and makes a notch due to band discontinuity. However, the 
layer 1 1 may alternatively be a layer made of AlGaAs, or not be provided at all. 

Although the front-side electrode 25 and the back-side electrodes 26 are made of AuZn and AuGe, 
respectively, it is also applicable to incorporate a p-side ohmic electrode and an n-side ohmic electro 
other kinds. Moreover, the front-side electrode 25 and the back-side electrodes 26 may constitute an; 
pattern. 



file://D:¥Kit^jima¥My%20Documents¥EPOV3¥JP6296040.html 



2006/04/04 



JP6296040 



9/18^— v 



Although the semiconductor layers 1 1 to 16 are formed by an MOCVD method in the present exami 
they may alternatively be formed by methods such as an MBE (Molecular Beam Epitaxy), a gas sou 
MBE, an MOMBE (Metal Organic Molecular Beam Epitaxy), and a CBE (Chemical Beam Epitaxy) 
junction at the interface of the light emitting portion of the LED is not limited to a double heterojunc 
but may alternatively be a single heteroj unction or a homoj unction. 



Example 2 

Figure 4 shows a cross section of an LED in a step during fabrication according to the present exam] 
Figure 5 shows a cross Section of the LED produced by a method of the present invention. 

As is shown in Figure 5, the AlGalnP-type LED of the present example includes an n-type first 
semiconductor multilayer 40 and a p-type second semiconductor multilayer 50 opposing each other, 
light emitting layer 14 interposed therebetween. The first semiconductor multilayer 40, which is con 
of a buffer layer 1 1, an intermediate band gap layer 12, and a first cladding layer 13, is formed on a 1 
substrate 10 made of an n-type semiconductor material opaque to any generated light. The second 
semiconductor multilayer 50 is composed of a second cladding layer 15 and a capping layer 16. On 1 
upper face of the second semiconductor layer 50, there is formed a second substrate 20 which is mac 
p-type semiconductor material transparent to the generated light.Grooves 21 are provided in one fac< 
second substrate 20 that is in contact with the second semiconductor multilayer 50. Back-side electa 
26 are formed on the lower face of the buffer layer 1 1. A reflective film 19 is formed so as to cover 1 
entire area of the back (lower) face of the LED. A front-side electrode 25 is formed on the upper fac< 
the second substrate 20. 

The LED having the above-mentioned configuration is fabricated in the following manner, accordin; 
the present example: 

First, as is shown in Figure 4, an n-type etching stopper layer 18, the buffer layer 1 1, the intermediat 
gap layer 12, the first cladding layer 13, the undoped light emitting layer 14, the second cladding lay 
and the capping layer 16 are epitaxially grown, in this order, on a surface of the first substrate 10 ma 
the n-type semiconductor material opaque to the light emitted from the light emitting layer 14, by an 
MOCVD method. The surface of the first substrate 10 is the (100) plane. 

Then, as is shown in Figure 6, the grooves 21 are provided in a face of the second substrate 20 by w< 
etching. The surface of the second substrate 20 is the (100) plane and will be in contact with the sec< 
semiconductor multilayer 50. The grooves 21 each reach the edges of the second substrate 20, and aj 
formed at intervals of 300 mu m from one another. Moreover, the grooves 21 are made so as to be a] 
with dicing lines in the step of dividing the LED structure into chips (as will be described below). Tl 
the surface of the second substrate 20 is subjected to a slight etching treatment, etc. Subsequently, as 
shown in Figures 4 and 6, the second substrate 20 is disposed on the second semiconductor multilayi 
in such a way that the crystal axes of the second substrate 20 and the second semiconductor multilay 
are aligned with each other .Next, a weight 30 (100 g/cm<2>) is disposed on the second substrate 20. 

Thereafter, the above-mentioned LED structure is heated to 500 DEG C in an mixed atmosphere of] 
and H2, and is left for 4 hours. Thus, the second semiconductor multilayer 50 and the second substrs 
are bonded through direct bonding. 

In the present example, thicknesses and compositions of the substrates 10 and 20 and the other 
semiconductor layers may be those shown below, for example: 

The first substrate 10: (composition) n-GaAs; (thickness) 300 mu m;. 

The etching stopper layer 18: (composition) A10.5GaO.5As; (thickness) 2 mu m. 
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The buffer layer 1 1 : (composition) n-GaAs; (thickness) 2 mu m. 

The intermediate band gap layer 12: (composition) n-Ga0.5In0.5P; (thickness) 20 mu m. 
The first cladding layer 13: (composition) n-(A10.7In0.3P)0.5In0.5; (thickness) 1 mu m. 
The light emitting layer 14: (composition) (A10.4Ga0.6)0.5In0.5P; (thickness) 1 mu m. 
The second cladding layer 15: (composition) P-(A10.7In0.3P)0.5In0.5P; (thickness) 1 mu m. 
The capping layer 16: (composition) p-GaP; (thickness) 2 mu m. 
The second substrate 20: (composition) p-GaP; (thickness) 300 mu m. 

Next, the first substrate 10 is etched away by using a selective etchant (a mixed solution of ammonk 
hydrogen peroxide and water) incapable of etching the etching stopper layer 1 8 which is disposed or 
first substrate 10. Then, the etching stopper layer 18 is etched away by using a selective etchant 
(hydrofluoric acid) incapable of etching the buffer layer 1 1 which is disposed on the etching stopper 
18. Then, the front-side electrode 25 is deposited on the upper face of the second substrate 20 by 
evaporation, and is patterned into a circular shape by a photolithography technique, as is shown in F: 
3A. The back-side electrode 26 is deposited on the entire lower face of the buffer layer 1 1 by evapor 
Thereafter, a resist pattern having a dot pattern is formed on the back-side electrode 26 by a 
photolithography technique, as is shown in Figure 3B. Portions of the back-side electrode 26, the bu: 
layer 11, and the intermediate band gap layer 12 which are not covered by the resist pattern are remc 
Thereafter, the resist pattern formed on the back-side electrodes 26 is also removed. Furthermore, th 
reflective film 19, made of Al or the like, is formed on the entire lower face of the first semiconduct< 
multilayer 40 as is described above, by the use of a sputtering method. 

The above-described LED structure is divided into chips by dicing. Each chip is attached to a stem b 
means of an electrically conductive paste in such a way that the back-side electrodes 26 are connect* 
the stem. Next, wires are bonded on the front- side electrode 25. Then, each chip is sealed with resin. 

In the present example, the grooves 21 reaching the edges of the second substrate 20 are provided in 
bonding interface of the second substrate 20 so that voids (bubbles) and, impurities will easily be 
eliminated. Gas remaining in the bonding interface, which contains such impurities, are lead through 
grooves 21 to the outside so as to be thus eliminated. Although the grooves 21 are formed in a stripe 
and in a single direction in the present example, it is also applicable to form the grooves 21 in a mes] 
shape consisting of ranks and files. The grooves 21 do not need to be formed so as to correspond to 1 
dicing lines as in the present example. The grooves 21 may alternatively be formed in the second 
semiconductor multilayer 50 or the first substrate lO.In that case, the grooves 21 are to be formed afi 
second cladding layer 1 5 is formed or before the etching stopper layer 1 8 is formed. 

In the present example, the etching stopper layer 1 8 having a composition different from the first sul 
10 is formed on the first substrate 10. As a result, the first substrate 10 is selectively etched with hig] 
accuracy and with facility, independent of the etching time. The etching stopper layer 18 does not ne 
be removed, in which case the buffer layer 1 1 is not necessary. There is no limitation to the material 
etching stopper layer 18 according to the present example, as long as the material has a composition 
different from both of the compositions of the first and second substrates 10 and 20 (i.e. GaAs). For 
example, GaO.5InO.5P may suitably.be used for the etching stopper layer 18. 

According to the present example, light which reaches the lower face of the n-side (first) semicondu 
multilayer 40 is reflected so as to be utilized, because the first substrate 10 opaque to the generated 1 
removed. Thus, the external emission efficiency can be improved. This effect is further enhanced by 
forming the reflective film 19 after the formation of the back-side electrodes 26, as in the present ex; 
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Although a similar effect can be obtained at the lower face of an LED where the LED is attached to ; 
usually by means of an Ag paste, incorporation of the reflective film 19 has an advantage of further 
increasing the reflectance of the light at the lower face of the LED. When the reflective film 19 is a n 
film made of Al or the like, as in the present example, an applied current flows by way of the back-s 
electrodes 26, since no ohmic contact is provided between the reflective film 19 and the backside 
electrodes 26 and the first cladding layer 13 as one of the semiconductor layers. The reflective film 1 
alternatively be made of, instead of a metal film, a dielectric multilayer film such as a multilayer filn 
alternating Ti02 layers and Si02 layers. In that case, it is necessary to remove a part of the reflectiv< 
19 on the back-side electrodes 26. 

The present example also permits the modifications applicable to Example 1 . 



Example 3 

Figure 7 shows a cross section of an LED in a step during fabrication according to the present exam] 
Figure 8 shows a cross section of the LED produced by a method of the present example. 

As is shown in Figure 8, the ZnCdSe-type LED of the present example includes an n-type first 
semiconductor multilayer 40 and a second cladding layer 15 serving as a p-type second semiconducl 
multilayer that oppose each other, with a light emitting layer 14 interposed therebetween. The n-typ* 
semiconductor multilayer 40, which is composed of a first buffer layer 1 1, an intermediate band gap 
12, a second buffer layer 41 and a first cladding layer 13, is formed on a first substrate 10 made of aj 
type semiconductor material opaque to any generated light. The light emitting layer 14 has a strainec 
quantum well structure. On the upper face of the second cladding layer 15, there is formed a second 
substrate 20 which is made of a p-type semiconductor material transparent to the generated light. Ba 
electrodes 26 are formed on the lower face of first substrate 10. A reflective film 19 is formed so as t< 
cover the entire area of the back (lower) face of the LED. A front-side electrode 25 is formed on the 
face of the second substrate 20. 

The LED having the above-mentioned configuration is fabricated in the following manner, accordinj 
the present example: 

First, as is shown in Figure 7, the first buffer layer 1 1, the intermediate band gap layer 12, the secon< 
buffer layer 41, the first cladding layer 13, the undoped strained quantum well structure light emittin 
14, and the second cladding layer 15 are grown, in this order, on a surface the first substrate 10 mad< 
n-type semiconductor material opaque to the light emitted from the light emitting layer 14, by an MI 
method. The surface of the first substrate 10 is the (100) plane. 

Then, a surface of the second substrate 20 made of the p-type semiconductor material transparent to 
generated light is subjected to a slight etching treatment, etc. The surface of the second substrate 20 : 
(100) plane. Subsequently, the second substrate 20 is disposed on the second cladding layer 15 form- 
the first substrate 10, in such a way that the crystal axes of the second substrate 20 and the second cl 
layer 1 5 are aligned with each other. 

Thereafter, the above-mentioned LED structure is heated to 500 DEG C in an mixed atmosphere of] 
and H2, and is left for 4 hours. Thus, the second cladding layer 15 and the second substrate 20 are b< 
through direct bonding. 

The first substrate 10: (composition) n-GaAs; (thickness) 300 mu m; (size) 10 x 12 mm<2>. 

The first buffer layer 1 1 : (composition) n-GaAs; (thickness) 5 mu m. 

The intermediate band gap layer 12: (composition) n-AlxGal-xAs; (thickness) 0.2 mu m. 
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The second buffer layer 41: (composition) n-ZnSSe; (thickness) 1 mu m. 

The first cladding layer 13: (composition) n-ZnSe; (thickness) 1 mu m. 

The light emitting layer 14: (composition) ZnO.8CdO.2Se; (thickness) 15 nm. 

The second cladding layer 15: (composition) p-ZnSe; (thickness) 2 mu m. 

The second substrate 20: (composition) p-ZnSe; (thickness) 300 mu m; (size) 10x12 mm<2>. 

Next, the first substrate 10 is etched so as to be left with a thickness of 10 mu m. Then, the front-sid* 
electrode 25 is deposited on the upper face of the second substrate 20 by evaporation, and is patterne 
a circular shape by a photolithography technique, as is shown in Figure 3 A. The back-side electrode 
made of AuGe or the like is deposited on the lower face of the first substrate 10 by evaporation. The 
a resist having a dot pattern is formed on the back-side electrode 26 by a photolithography technique 
shown in Figure 3B. Portions of the back-side electrode 26, the first substrate 10, the first buffer lay* 
and the intermediate band gap layer 12 which are not covered by the resist pattern are removed. The: 
the resist pattern formed on the back-side electrodes 26 is also removed.Furthermore, the reflective i 
19, made of Al or the like, is formed on the entire lower face of the first semiconductor multilayer 4( 
described above, by the use of a sputtering method. 

The above-described LED structure is divided into chips by dicing. Each chip is attached to a stem b 
means of an electrically conductive paste in such a way that the back-side electrodes 26 are connects 
the stem. Next, wires are bonded on the front- side electrode 25. Then, each chip is sealed with resin. 

The interface between the second cladding layer 1 5 and the second substrate 20 which constitute the 
retaining layer 60 was observed from above the second substrate 20 by means of an optical microscc 
was confirmed that junction defects were present only in the vicinity of a small amount of dusts rem 
in the interface, and that the bonding between the second cladding layer 15 and the second substrate 
uniformly been achieved for the most part. The strength of the bonding was such that no peeling occ 
after the dicing step, during which a very large force is applied to the LED structure. A cross section 
interface between the second cladding layer 15 and the second substrate 20 was observed by means < 
ultrahigh-resolution microscope. As a result, a number of lattice defects found in the interface betwe* 
second cladding layer 15 and the second substrate 20. However, no lattice defects was observed in tl 
other portions. As a comparative example, a cross section of the second substrate 20 was observed b 
the bonding of the second cladding layer 15 and the second substrate 20. It was confirmed that lattio 
defects were present at the same density as after the bonding of the second cladding layer 1 5 and the 
second substrate 20, indicating that the lattice defects had occurred before the bonding. 

In the present example, ZnSe is used for the second substrate 20. ZnSe has a lattice constant very sir 
that of GaAs, which constitutes the first substrate 10, and is capable of transmitting the generated lig 
Moreover, the second cladding layer 1 5 is also made of ZnSe. Therefore, it is considered that ZnSe i 
of the most suitable materials for the second substrate 20. Although the ZnSe used in the present exa 
is of a single crystal structure, that of a polycrystal structure may alternatively be used. This would 
contribute to the reduction of the fabrication costs. Materials capable of transmitting light in a blue-j 
wavelength band, e.g.ZnS and Sic, may alternatively be used in the place of ZnSe, GaP, which is les 
capable of transmitting light in this wavelength band, is also applicable because the bandgap thereof 
an indirect transition type and the light absorption coefficient thereof is small. 

A dopant layer (not shown) may be formed with a small thickness on the second cladding layer 15. 1 
another group I element of the periodic table may suitably be used for such a dopant layer, while a g 
element of the periodic table, such as P, As, and Sb, are also applicable. In that case, it is possible to 
the bonding temperature by utilizing light-induced heating along with a conventional heating treatmi 
cases where the second substrate 20 is made of p-ZnSe, which means ZnSe and ZnSe face each othe 
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bonding interface, it is preferable to farm the dopant layer made of a group III element of the periodi 
table, such as Al, Ga, and In. 

Although the second substrate 20 and the second cladding layer 15 are bonded at a temperature at 5C 
DEG C, the bonding can suitably be conducted in a broader range of 200 DEG C to 700 DEG C. 

Although a composite ratio x of the Znl-xCdxS light emitting layer 14 is 0.2 in the present example, 
is no limitation to the value of x. For example, x may be zero, in which case the light emitting layer 
made of ZnSe. The light emitting layer 14 may alternatively have a quantum well structure consistin 
ZnSe/ZnCdSe, instead of a strained quantum well structure. 

Although the second buffer layer 22 is made of n-ZnSSe in the present example, it may alternatively 
made of n-InGaAs. Furthermore, the second buffer layer 22 may be a strained super lattice layer of r 
ZnS/ZnSe. 

The first cladding layer 13 and the second cladding layer 15 are both made of ZnSe in the present ex 
However, it is also applicable to use MgZnSSe for at least one of the first and second cladding layer: 
and 15; this means an increased bandgap, which makes it possible to confine electrons and holes wit 
light emitting layer 14 at an increased efficiency. 

Although the semiconductor layers 11, 12, 41, 13, 14, and 15 are formed by an MBE method, an M( 
method, an MOMBE method, a gas source MBE method, a CBE method, etc. are also applicable. E* 
semiconductor layer may be formed, as long as the above-described conditions therefor are satisfied. 
II- VI semiconductor material consisting of one selected from such group II elements of the periodic 
as Mg, Cd and Zn and one selected from such group VI elements of the periodic table as Te, Se and 

Although the front-side electrode 25 is made of Au, other p-type ohmic electrodes may alternatively 
used. Although the back-side electrodes 26 are made of AuGe, other n-type ohmic electrodes may 
alternatively be used. 

The present example also permits the modifications applicable to Example 1 and Example 2. 



Example 4 

Figure 9 shows a cross section of an LED in a step during fabrication according to the present exam] 
Figure 10 shows a cross section of the LED produced by a method of the present example. 

The LED of the present example is of an AlGalnP-type, the same as the LED of Example 1, but is di 
from the LED of Example 1 in that a second substrate 20 is a dielectric substrate instead of a 
semiconductor substrate. Therefore, an electrode 25 is provided on a capping layer 16 by partially et 
the first substrate side of the LED structure, instead of providing the electrode 25 on the second subs 
20. As is shown in Figure 10, the LED of the present example includes an n-type first semiconducto) 
multilayer 40 and a p-type second semiconductor multilayer 50 opposing each other, with a light em 
layer 14 interposed therebetween. The first semiconductor multilayer 40, which is composed of a buf 
layer 1 1, an intermediate band gap layer 12, and a first cladding layer 13, is formed on a first substra 
made of an n-type semiconductor material incapable of transmitting the generated light. The second 
semiconductor multilayer 50 is composed of a second cladding layer 15 and the capping layer 16. A 
electrode 26 is formed on the lower face of the first substrate 10. 

The LED having the above-mentioned configuration is fabricated in the following manner, accordinj 
the present example: 

First, as is shown in Figure 9, the n-type buffer layer 1 1, the intermediate band gap layer 12, the n-ty 
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first cladding layer 13, the undoped light emitting layer 14, the p-type second cladding layer 15, and 
type capping layer 16 are grown, in this order, on a surface of the first substrate 10 made of the n-tyj 
semiconductor material opaque to the generated light by an MOCVD method. The surface of the firs 
substrate 10 is the (100) plane. 

Then, the second substrate 20 made of a glass capable of transmitting the generated light is placed oi 
p-type capping layer 16. There is no restriction as to the direction in which the second substrate 20 s! 
be disposed, since the second substrate 20 is made of glass, which has no structural orientations. Ne? 
weight 30 (10 g/cm<2>) made of graphite is disposed on the second substrate 20. Thereafter, the abc 
mentioned LED structure is heated to 450 DEG C in an H2 atmosphere, and is left for 2 hours. Thus 
type capping layer 16 and the second substrate 20 are bonded through direct bonding. 

In the present example, the thicknesses and compositions of the substrates 10 and 20 and the other 
semiconductor layers may be those shown below, for example: 

The first substrate 10: (composition) n-GaAs; (thickness) 200 mu m. 

The buffer layer 1 1 : (composition) n-GaAs; (thickness) 1 mu m. 

The intermediate band gap layer 12: (composition) n-Ga0.5In0.5P; (thickness) 0.1 mu m. 

The first cladding layer 13: (composition) n-A10.5In0.5P; (thickness) 1 mu m. 

The light emitting layer 14: (composition) (A10.2Ga0.8)0.5In0.5P; (thickness) 0.5 mu m. 

The second cladding layer 15: (composition) p-A10.5In0.5P; (thickness) 2 mu m. 

The capping layer 16: (composition) p-GaP; (thickness) 2 mu m. 

The second substrate 20: (composition) glass; (thickness) 200 mu m. 

Next, the first substrate 10 is etched so as to be left with a thickness of 10 mu m. Moreover, the first 
substrate 10 and the semiconductor layers 1 1 to 15 are removed in a peripheral portion 61 of the LE] 
structure so as to expose the p-type capping layer 16. 

Then, the n-side electrode 26 is formed on a portion of the first substrate 10 remaining in the center ] 
62 of the LED structure. The p-side electrode 25 is formed on the exposed portion of the p-type capi 
layer 16 located in the peripheral portion 61 of the LED structure. 

The above-described LED structure is divided into chips by dicing. Each chip is attached to a stem. r 
each chip is sealed with resin to form an LED. 

In the LED according to the present example, the capping layer 16 and the second substrate 20 made 
dielectric material are bonded through direct banding. The strength of the bonding proved to be such 
no peeling occurred even after the dicing step, during which a very large force is applied to the LED 
structure. 

The second substrate 20 may alternatively be a dielectric substrate made of A1203, Ti02, MgO, and 
compounds thereof, in the place of glass. 

Although the surface of the GaAs first substrate 10 is the (100) plane in the present example, it may 
plane. 

Example 5 
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Figure 1 1 shows a cross section of an LED in a step during fabrication according to the present exan 
Figure 12 shows a cross section of the LED produced by a method of the present example. 

The LED of the present example is of a ZnCdSe-type, as well as the LED of Example 3, but is differ 
from the LED of Example 3 in that a second substrate 20 is a dielectric substrate instead of a 
semiconductor substrate. Therefore, a front-side electrode 25 is provided on a second cladding layer 
partially etching the first substrate side of the LED structure, instead of providing the electrode 25 oi 
second substrate 20. As is shown in Figure 1 l,,the ZnCdSe-type LED of the present example include 
n-type first cladding layer 13 and a p-type second cladding layer 15 opposing each other, with a ligh 
emitting layer 14 interposed therebetween. A back-side electrode 26 is formed on the lower side of t 
cladding layer 13. 

The LED having the above-mentioned configuration is fabricated in the following manner, accordinj 
the present example: 

First, as is shown in Figure 1 1, an n-type buffer layer 1 1, the n-type first cladding layer 13, the undo 
light emitting layer 14, and the p-type second cladding layer 15 are grown, in this order, on a surface 
first substrate 10 made of the n-type semiconductor material opaque to the generated light, by an MI 
method. The surface of the first substrate 10 is the (100) plane. 

Then, the second substrate 20 made of sapphire capable of transmitting the generated light is dispose 
the second cladding layer 15 in such a way that a projection of the c axis of the crystal axes thereof c 
surface of the second substrate 20 is perpendicular to the cleave plane of the first substrate 10. The s 
of the second substrate 20 is the (1, 1, -2, 2) plane. A weight 30 (100 g/cm<2>) made of Mo is place 
the second substrate 20. 

Thereafter, the above-mentioned LED structure is heated to 500 DEG C in an H2 atmosphere, irradi; 
with an Ar laser beam (wavelength: 488 nm), and left for 2 hours. The Ar laser beam is transmitted 
through the second substrate 20 of sapphire, and is absorbed by the p-type second cladding layer 15. 
the p-type second cladding layer 15 and the second substrate 20 are bonded through direct bonding. 

In the present example, the thicknesses and compositions of the substrates 10 and 20 and the other 
semiconductor layers may be those shown below, for example: 

The first substrate 10: (composition) n-GaAs; (thickness) 200 mu m. 

The buffer layer 1 1 : (composition) n-GaAs; (thickness) 1 mu m. 

The first cladding layer 13: (composition) n-ZnSe; (thickness); 3 mu m. 

The light emitting layer 14: (composition) ZnO.8CdO.2Se; (thickness) 15 nm. 

The second cladding layer 15: (composition) p-ZnSe; (thickness) 2 mu m. 

The second substrate 20: (composition) sapphire; (thickness) 200 mu m. 

Next, as is shown in Figure 12, the first substrate 10 and the n-type buffer layer 1 1 are removed. Mo 
the first substrate 10 and the semiconductor layers 1 1 to 14 are removed in a peripheral portion 61 oj 
LED structure so as to expose the p-type second cladding layer 15. 

Then, the back-side electrode 26 made of Au is formed on a portion of the n-type first cladding layei 
remaining in the center portion 62 of the LED structure. The front-side electrode 25 made of Au is f< 
on the exposed portion of the p-type second cladding layer 15 located in the peripheral portion 61 of 



file://D:¥Kitajima¥My%20Documents¥EPOV3¥JP6296040.html 



2006/04/04 



JP6296040 



16/18 ^— v 



LED structure. 

The above-described LED structure is then divided into chips by dicing. Each chip is attached to a st 
Then, each chip is sealed with resin so as to form an LED. 

In the LED according to the present example, the second cladding layer 15 and the second substrate 
made of a dielectric material are bonded through direct bonding. The strength of the bonding proved 
such that no peeling occurred after the dicing step, although a very large force is applied to the LED 
structure during this step. 

Although an irradiation with an Ar laser beam is conducted in the bonding process so as to effective; 
the bonding interface alone in the present example, no laser irradiation is required in cases where the 
bonding can be conducted by a conventional heating process. 

The second substrate 20 may alternatively be a dielectric substrate made of ploycrystal alumina, TiC 
MgO, and compounds thereof, in the place of sapphire. 

The surface of the first substrate 10 made of GaAs is the (100) plane, while the surface of the seconc 
substrate 20 made of sapphire is the (1, 1, -2, -2) in the present example. However, the surface of the 
substrate 10 may alternatively be the (1 1 1) B plane, the (1 1 1) A plane, or a plane tilted by 1 DEG to 
DEG from the (1 1 1) B plane or the (1 1 1) A plane. In this case, the surface of the second substrate 2( 
suitably be prescribed to be the (0001) plane, that is, the c plane. However, the surface orientations c 
GaAs first substrate 10 and the second substrate 20 do not need to be of one of the combinations des 
above. For example, the surface of the GaAs substrate 10 may be the (100) plane or the surface of th 
sapphire second substrate 20 being the (0001) plane. 

The present example also permits the modifications applicable to Example 3. 

Various other modifications will be apparent to and can be readily made by those skilled in the art w 
departing from the scope and spirit of this invention. Accordingly, it is not intended that the scope ol 
claims appended hereto be limited to the description as set forth herein, but rather that the claims be 
broadly construed. 

Data supplied from the esp@penet database - Worldwide 
Claims of corresponding document: EP0611131 

1. A method for producing a light emitting diode, the method comprising the steps of: 

forming a first semiconductor multilayer on a first semiconductor substrate having a first conductivii 
type, the first semiconductor multilayer including at least one first semiconductor layer having the fi 
conductivity type; 

forming a light emitting layer on the first semiconductor multilayer; 

forming a second semiconductor multilayer including at least one second semiconductor layer havin 
second conductivity type; 

disposing a second substrate which is transparent to light emitted from the light emitting layer on th* 
second semiconductor multilayer; and 

bonding the second substrate and the second semiconductor multilayer through direct bonding with 1 
the vicinity of an interface between the second substrate and the second semiconductor multilayer. 

2. A method according to claim 1, wherein the second substrate is made of a semiconductor material 
the second conductivity type. 

3. A method according to claim 2, wherein the second substrate is made of at least one selected from 
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group consisting of GaP, ZnSe, ZnS, and SiC. 

4. A method according to claim 1, wherein the second substrate is made of a dielectric material. 

5. A method according to claim 4, wherein the second substrate is made of at least one selected from 
group consisting of A1203, glass, Ti02, MgO, and a compound thereof. 

6. A method according to claim 1, wherein the bonding step is conducted by applying a pressure froi 
side of at least one of the first substrate and the second substrate. 

7. A method according to claim 1, wherein the disposing step is conducted in such a way that a cryste 
of the second substrate and a crystal axis of the second semiconductor multilayer are aligned with ea 
other. 

8. A method according to claim 2, wherein the second semiconductor multilayer includes a plurality 
second semiconductor layers, and wherein one of the plurality of second semiconductor layers that i: 
contact with the second substrate has the same composition as that of the second substrate. 

9. A method according to claim 1 further comprising the step of providing grooves in at least one of 
of the second semiconductor multilayer and a face of the second substrate that is in contact with the 
semiconductor layer, the grooves reaching at least one edge of at least one of the faces. 

10. A method according to claim 1 further comprising the step of removing at least a portion of the fi 
semiconductor substrate after bonding the second semiconductor multilayer and the second substrate 

1 1. A method according to claim 10 further comprising the steps of: 

forming an etching stopper layer between the first semiconductor substrate and the first semicondud 
multilayer, the etching stopper layer having the first conductivity type and having a composition difl 
from a composition of the first semiconductor multilayer; and 

removing the first semiconductor substrate until at least the etching stopper layer is exposed after th< 
bonding step. 

12. A method according to claim 10 further comprising the steps of: 

forming an electrode on a portion of a face of the first semiconductor substrate exposed after removi 
least a portion of the first semiconductor substrate; and 

forming a reflective film on at least a portion of the exposed face of the first semiconductor substrate 
except where the electrode is formed. 

13. A method according to claim 10 further comprising the steps of: 

forming an electrode on a portion of a face of the first semiconductor substrate exposed after removi 
least a portion of the first semiconductor substrate; 

removing at least a portion of the first semiconductor substrate, the first semiconductor multilayer, a 
light emitting layer to expose a portion of a face of the second semiconductor multilayer; and 
forming an electrode on a portion of an exposed face of the second semiconductor multilayer. 

14. A method according to claim 1 further comprising the step of forming a dopant layer having the 
conductivity type on at least one of a face of the second semiconductor multilayer and a face of the s 
substrate before the bonding step. 

15. A method according to claim 1, wherein the heating is conducted by radiating light through the s< 
substrate, the light having a wavelength absorbable by the second semiconductor multilayer. 

16. A method according to claim 14, wherein the heating is conducted by radiating light through the 
second substrate, the light having a wavelength absorbable by the dopant layer. 
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17. A method for producing a light emitting device, the method comprising the steps of: 

forming a semiconductor multilayer on a first substrate, the semiconductor multilayer including at le 

light, emitting layer; 

disposing a second substrate which is transparent to light emitted from the light emitting layer on the 
semiconductor multilayer; 

bonding the second substrate and the semiconductor multilayer through direct bonding with heating 
vicinity of an interface between the second substrate and the semiconductor multilayer; and 
removing at least part of the first substrate. 

Data supplied from the esp@penet database - Worldwide 



file://D:¥Kit^jima¥My%20Documents¥EPOV3¥JP6296040.html 



2006/04/04 



(19)B*H4*iW (JP) (12) & H f£ & $H (A) 



#PB¥6-296040 

(43)&HB ¥f£6*p(1994)10E21B 



(so into. 5 mmn frft&mmn fi sw&iMffir 

H 0 1 L 33/00 A 7376-4M 



saw* mmwme ol (£ n h) 



(2i)tas#^ 


4$K¥5-320334 


(71)ffi^A 


000005049 










(22)tHRB 


¥j£ 5 ¥0993)12)! 20 B 




*IE)&*Rrfjrcf&l?Kfi) l lW22#22^ 






(72)389§# 


mi mm 


(31)«fctfcfefg#*f 


!&K¥5- 22946 




AK^AKrUP«r^Kfi?aBr22#22^ -> 


(32)fiBfcB 


¥■ 5 (1993) 2ft 10 B 






(33)g$fc*§33IB 


B* (J P) 


(72)|&l?3# 


ma miK 








AE^AE*p5jfSSKSmBT22#22^ -> 














(74)ttSA 




(54) [?6!8©=&«0 









nl©f lOSSl 0©±lC, A''y7rll 
1. fm/O^ty^lU, *1^H113# 
54§nI©ilO*§«:i4 0, 7>H-^©5S^ 

1 4. H2?5y FJgl 5. *fyy@l 

tt. &HTf$§2©¥3l#J15 0©±l::pl!©Sg2©*« 

2 0£StT. d©&£te. SfS2©S« 
2 0©±(C*fcO 3 OTE**J)0Afc«S|-CiSia«ia«: 
ff3^i:(CJ;0ff5. fH2©g«2 0B+t!/^Bl 6 




.30 



—265— 



1 

i©s«©±k, jgi©*mi@£wu *^*s*fc« 
«scs*> e-fc^m i ©¥s?«i£s*i£-f-£xg<!:. 
i <D*m#m<o±\z%ft®*Mi$.-rzxnt. 

^2©¥SSftS©±C. 5E3tafcglC*rUTjg9IfcSfS2 

**WBfcy-f f ©SSB^fSu 
[^*j®2] s5fam2<os«^ m2<DmmM&&? 

[11*913] mm&2(D&m\ GaP, ZnSe. 
Z n S SfcteS i C«* Sfc-5S#« 2 fcEfcOJBfc^-f 

[»*^4] j»ES& 2 ©««*<, m#^&ft«IMt 
S 1 tEKos^-r *- POWftfttfe. 
mm 5] wiam2©aiR*v AhOi, #5*. a? 

ca*«6] Btrf2S^f^xe&, me* i ass* 

x5 C & lei Off 1 CIEttfflSBfc^-f *- F© 

[»*^7] flJES2©SS[£, ll9E!f§2©¥iSHWl 

srff smxm i tcEmo^y-r ^- f ©«£#*£. 

[»5fcB8] t9Em2 0**#Ji*^S^e.ar). 39 
ri^ltuESg2 ©S«£J$-&-f.5Jl#t8[SSS2 ©&«<fc[l- 

©»&-?*•&»#* 2 (ceis©^^ *— f e>m&j> 

ji ©mess 2 ©s«£g^-r ^flaroiif*feaKES 2 © 
S«©MESfl 2 ©^^t^-r^fii©®©!^©^ 
<tfe-^tc. RS-r**fi©P«SBtcK»©& 

* 5 Knsw-sxes^triSsRsi 1 icek© 

tzm&i,rz'&. MESS 1 ©S«©4>ft< 
SrtSXgfc-^iJltjRSi 1 \zW&.V>%%*?4 F©© 
it*?*. 

[Hf #3! 1 1 ] MES& 1 ©SSt t IMBg 1 ©¥i»fcJi 

tomiz, gaEmi©»«s!£Wb. *^smi©¥« 
ssm^rsxigt. 

NEB 2 ©¥i*#|i i MESS 2 ©£« L-fc&, 
l©S«SI8*'r-5X@i:, 5(7 



&KPF6-2 9 6 0 4 0 

2 

&^tsm#m i o icE«©?gfty-r *- F©©i§#8;. 
nr** 1 2] MESS i ©g«©4>&< 
sbfc«©saiMicss£^-r^)Xiet. 

tt.g[«®K^©KW®{cKit®sjgfie-r5xe 

t, 

s-&t?B»^« i o \zw.m<o5mm— vmw&^m. 

im&]% 1 3] MESS 1 ©S«©4>fc< £fc-8B£l$ 
^Lfea©Saffi(C«g£^1--5Xei:. 

fSESfl 1 ©¥&«!. i9E?B3fcJI©<I>fc 
< £fc-8B£l$55LT!rESfi2 ©¥»#H©-a!£SSffl 

s-e-, 2 ©^^H©®tiiEicmss^-r^xg 

*^»a^« 1 0 CE«©%7ty-f it- H ©KitlSS. 

nr&n 1 4 ] wes 2 <D*m&m ©taESB 2 ©as 

tg-^-T SffiH©ffi*fc«RS 2 ©£ffi©giSfS 2 ©#&# 

sts-&-r-5ffl©ffiiz, fjES2©sm^^wrsH- 
[»#3i i 5 ] ME^ia^s £ MrES 2 a>*m&m \z 

©«R^tl^KS©)tS:MES 2 ©S«fll*>6Mitr* Z. 
t ICJ; S ff o m&m 1 KEfc©***^ F ©SB^ 

1 6] MEiisia®a*WEH-A> mic© 
irs nsiss©3t siiES 2 ©xfi«» & Mirr« c t 

fC J; K> n 5 Mf^tfl 1 4 * fctt 1 5 tcE«©8# ^-r t- 
h*©Kjt^& 

[sseg©!?aa^3iM] 

[0 0 0 1] 

izm^*>nzmti?<i*-\ : c>mmjjmzwtz>. 

[0 0 0 2] 

[«*©&*&] ±aL-fcWI6y-f*-F (LED) tC*5 
tlta, LED£«j£T£¥¥#©B$rsm. WAfi3. 

mitffi*«¥B©«-&, %*M^e.©*«e 

#IB J; 0 n cr< IS 6nfcffiH©Altft © t> © b*^ 

[0 0 0 3] nSffiStSS^Sl^-hS-frSftH&Ctt. LE 
D ©¥S#Sffi t l/T38«*«C»UTa9ia: *> © Sffl 

M Vsfc<i-&{r ttL E D©±ffifatt?7S:< 4 ^©ffl!lffi^ 5 

^©J;5^S^JS:¥^SffiS;=rr5LED{i, 
I nGaAs PSCfiMflSfflV^Wt 
— F. A 1 G a A s Hk<D*m#ttntimKKL»9\- • 
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3 

Wt?**- H, GaAs P*©#iJift:»**£fflV>;fcJS 
fi»*^'f*-H. GaP&©#£##ft£ffl^fc*ifi 

[0 0 0 4] SiSTKA lGalnPIO^Sft 

#*- K*». Zn (C 
d) (S) Se#©*«MWf»*«V»fcli-«fi»3t^ 

Sfctt. »f^ft*SifSfc^nf, Sfc^n&LED 
fciSbfcfiJl&S«!&*»SnfcV»;fc©fc:, LED©[*jg& 

flcXfitMvs. £©S«±K±E¥«#*f**£f£SSit 
b#U C©*'&Cf4±i£l/fc<fc5C^aM&**ft:» 

[0 0 0 5] 21©J:536:nH*ak#-r*&»fc. «*T 
Ht«*.tf1*H¥ 3-2 747 7 0 013Ci 

SfnIGaAs*^ft5il©I«9 0 0©±l;, S 
nSA 1 I nP9ll^?r/HJ|9 0 
1. T>H-^A 1 Ga I nP?£3fcJ19 0 2. pIA 1 
InPl2^7yHS9 0 3, uMA 1 G a I n P >PH 

9 0 5 SMO C VD ftlCkD 
JB^WBT*. nSGaAs^SfcSSBlCS 
£9 0 0eNt£b. ttffi&»j£b&«. plAlGaA 
s{^19 0 5ST(CLTX^AfcV^>h-TS. 
[0 0 0 6] 

[JM!*<iRfcb£ 9 b*»U ±&bfc@l 

«HTIS. nIGaAs»6^%l<D£fi9 0 0^1 
asbfcfcfebEDOaMESIHWSfca&fc. pS!A 1 G 
aAs«8!9 0 5 tt#*fcJP 

b*U ±«b&MOCVDifcfc:.k*Wreri. P^A 
1 G a A s ft&Jg 9 0 5 ©Jgj£fcll$ W*»*>*> 0 "T <t 
t>3W««»4. -JSICA hGai-i A s (0^ 

X;£l) tfiaSifctSLEDWHT, ftXMWfl 

tts. «ittf»e©5i^stfi©<&&iwfefiy«)ssswfc 
©«t3fcfst«i#Btt^*Tr»fl:sng<, -fc^w 
[0007] **wtt±EW»A***-r'«<jfc*nfc 



(3) $?BB¥6-2 9 6 0 4 0 

[0 0 0 8] 

©a«©±t, ®i©^mi!*WL. *o¥JR£fciiik 
a*iB 2 ©**#)■ t»«r*iat. RS2©^»flc 

JO »©±lc, fg#«;5fc»bTSWfcSfS2©g«?£S£. 

■€-©«iisfifflaicj:t>T^-rsiet, *© 

[0 0 0 9] »®&|gigS8tia:L,T«. ±EJfl2©S« 
GaP« ZnSe. ZnSSfclJS iCffflifflf 
AhOi, 3t/7X, TiOi. MgOSfctt 

■en6©fls-&«w> 6fti-e©«s©sf*«:s«*» 6iCc«. 

[0 0 10] Jfj8fc£J6IHS£bTfct, ±ES=£T-5:C 
as. ±EfS 1 ©S«*3«fctf±ESII 2 ©g«©'>&< £ 

a? [0 0 11] #afc*lfiffi«£bT«. ±ES!2©S« 
±ie^2W^«#Bt©ieStt^|6l^-ifc^1i-TB 

[0012] »mu.mmsmtvx\t. ±fia^2©*« 

5 € £&lfS 2 ©Sffii: H— ©M^ fT 3. 
[0 0 13] #58fc£Siffi«ibT«, ±f3SiS** 
«. ±EMU©g«fcb<te±ESg2©¥$WI©±E 
m 2 ©S4Rta-&T «IH©ffi£feli±e£ 2 ©XIS©± 
E^2©*»#gtS#-r-5fiJ©B©rt©'>^< tt>- 
30 KS-r*Stg©M«Sfc»«©*«8aB*»S 

[0 0 14] «Fa&§SJgJB«fcUTtt, ±EKji^S 
tt, ±e*2©*«#JBi±BJS2©iS«i:*»*bfc 

a. ±eki i ©*«©*«>&< tt)-gB*^s-r5xei£ 
frtf. ±R»K#&tt. ±ESgi©s«<t±Efisi©¥ 
^^t©ratr, jbe*i©*«s&ffu aoiubi 
©¥«#^£!8ij£©gfc£¥&#a^fc*x-y?>^x 

hy!/Jift*JSW-*lS£. ±Efg2©¥ig{«i£±E 

40 hy^]i*«u-r**Trtt»i©ai«*i»*-r«xat 

[0 0 15] SSfc. ±B*Mfc*IS»«fc*V»Ttt. 
±E3f 1 ©^«©^>^:< t"b-»S»^Lifcg©»ttlffl 

KEWB*»jsrr*i3Befwt©39«a* u w. 

[0 0 16] »a**HSI^tbTti, ±EU^ffi 
tt. ±EJB 1 ©S«©iJ>!*< t. fc-SS*»*bfc«©g 
HlIHC««***r*XSt, tt. ±E^1©¥»«: 
M, ±E»3te©^<t*>-aS:»*bT±E^2© 

**#ji©-»ssffla-&, ttfB2©¥«#JB©stus 

50 CtHtiMtSiSfceM. 
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5 

[0017] ttfmummm^mtlxit. 
». ±ies 2 <o*mftmv>±.mm 2 »s« t&^-rsffij 
©® sfccmsg 2 2 <d¥9i#ji t&^-r * 

[0018] »mu^mmtvx\t. ±fimmkm^ 

-K>hm\Z®Wi£tl5tii&<oyt&, ±ESI2 0SfifflI 
[0 0 19] 

[«U8] *^W©^y^*-HOSj§^SlC*J^T 
fi. ^^A^7i^l<OS«±tC^g$n!fc^2©¥ 

^®±tcig2©sig*e^. ^©mess^&ff^. 

[0 0 2 0] *56WIC^ViTtt. fBftilfcglCttL 

T^jSgHftSS 1 ©S«£fSftjgge#LTjg9I&!fl2 » 

T«fc?fc¥$#ll£j£g£;tt-.5;i,hT?. nfiBBHMW 
*fc3W^2©»«^^-r5CttCj; 

[0 0 2 1] mWt£&2<D&m*. flS*»te*>irTr. * 
[0 0 2 2] 

us. Bi#6B8ic^bfci3-©«ffi&*-r*fcj£a5*r 

[0 0 2 3] GfcJSW 1 ) RIB. *SHd*«05Btt^'f 

[0 0 2 4] CCDSBC^'f*— HttA 1 Ga I nP|0 
fe©T?*0. 02 (C^T<t-5tC, S83fcEl 4£RA/Tn 
SOS 1 ©¥¥#JI 40i pSItom 2 ©*iS#:JI 50t 

Sfii o(D±(^fS$nT*o. ;^7 7ii l-t^ra 

A> K*t!/71 1 2 i:^ 1^7 7 F^l 1 3 £j5>€>#Ije£ 
3nTV>-5. -7j. Sg2©iMSWf 5 Ote. I2^7y 
FBI 5t*ty?@ (H^-B-T) tfrZfcZW. 

#flSbT«JtJ§ 6 0 £j§5j£LTV>£. £ 1 Wgg 1 0 © 

&m\z\tMmnm 2 6 sw^snrfc 0, &mm 6 0 © 
±ffiicfssffisg!2 5 jwgffcsnxn*. 

[0 0 2 5] ^©«k3^«ji**-rs^^^— Htt 



(4) &Bl¥6-2 9 6 0 4 0 

<? 

£TF©<fc 3 IC L-TSig$n<b. 
[0 0 2 6] ST. 0 1 tCST«fc 5 IC. ^®*t ( 1 0 
0) ^^gl^LT^S^nS!©^^ 

*^S4iioMi o©±k. %77in, <t>m 

A>H^?7*I12. fgl?5-> FJgl 3, 7>F- 
y©%f@14, S2?77HI15*mf^@ 

©±»CZn;fr6&-5J9£5nm©F-y''t>FJgl 7 SrK 

io &mmmz&r)Mffcrz. 

[0027] m^x, *t'^n 6 tw-»«ft«- 

U (1 0 0) ffiT*D, ^TtStglC^UTS^ 

fcpl!©¥3?#^e>&-5Sg2©g«2 0£gtffi£^lr 

3Ly?>?t2>i£<Dm&&mL. •eo^t?'7ii6 

©±CJgS^#ft£-&£irrB<. #V>T, $2®S 
K2 0©±f:, 10g/cm ! ©*t0 3 0*iti5. 
£©«#, leSMl^tH^-'Jl^T-ya >75^h 
*fctt#M®©[6l#T*S. 35*>D3 OtUTIJ 

^TTfiSS6 5 0X:iZ±.tf. YAGP— if£S&2©g 

«2 ofija^Jisju 2^tt«-rs. ;ift trio, m 

2©#i#@50ii2fflM2 0 i: 3 n 

F-/1>FJf 1 7ri&£«, Jt^fCkO^UT. 
* V V im 1 6 33<fct;Sg 2 ©S« 2 0 HBI 2 fcjRT J; -5 

ic— mtisXRwmeotuz. ft, #s«M!ifc*nT 

[0 0 2 8] JBl©g«l 0 : nSGaAs, 0 
0 vm, 10X1 2 mm 2 , 

30 Ay7rIll:nSGaAs, J?S2/im, 

*PHA*>F¥Yy:7*fll 2 : nIGao.s I no * P. M 
$0. l(tm, 

^1^77H@13 : nlAlc.s I no. s P, JP S 1 n 
m, 

ISt^H 14: (A 1 o. 2 G ao. a) o. s I no. 6 P, 
0. 5 /znu 

S2^7^HI15 iplAlc.sIno.sP, 
m, 

^rt^^Sl 6 : piGaP, ^ 2 Mm, 
40 Sg2<DS«2 0 : pUGaP, 3 0 0 /im, 
10X1 2mm 2 a 

[0 029] &\z. miom&i o^x>yf>m;: 

tJC<k0^^ 1 0 /iml:n. m*T* AuZn©gI 
m®2 5$S20Sfi2 0CD±Mtm*bfc^, y*b 

uvi/yy4-\z^xm3 (a) jc^-r^^icR^jr 
y>/^7>r-Jc^oTS3 (b) ^-r^i^Hyhtt 

CDVvX h^/^^— >^L. I/i^X I>-egt)tiT^^: 
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(5) 

7 

[0 0 3 0] ±»bfcSBt^*-Htt^-»^K:J: 

mm^2 5K#>^ >^l^, «B»±-r*. 

CO 0 3 1] #*SJ16 0\Z&ttZ**y7mi 6 £Jg2 
<Z>S«2 0 t©*»B©SHF*ff»*6 0a>±*»63t4fc 

[0 0 3 2] SIlCDSffil O©GaAs^tfS20S 
fi 2 0 © G a P ©*f)6RI»nf n 5 . 6 5 3*>>f 

3. 7% (GaPfcSfcLT) ®£K:tt31{^MR#W 
i&ZtlZo +ty^Hl 6 £352£>S«2 Ot 

ffJ#H6 0^0l:plGaPMMOCVD^]| 
*«»bfc^ 21<0«^KH:pfflGaPJB*»C*<O 

[0 0 3 3] F-/X>hSl 7tt±BamBlC&»j- 

s«2 0 tomiBicifxsnT^s. **««ifc^^T 

BF-^>Hl7tl/TZn*«ffllfc^ tO«l: 30 
VIRtc^T&SS, Se*itfTefcttffll»5. 2 6 
\Z, H-/t>hgl7<Z))?$tt5nmtL^ ZlODJl 
6 tJB2©»«2 0 t©«^«fc««S 
tmMcSttSfcAICRl 0 0 nmaTtt«©Wf* 
L<> SfcF-/t>Hil 7ttj6-fb*»J*-r*tf«tt 

[0 0 3 4] F-A>FJfl 7fc»JK$n*SE 

WKijuarra e £&xzz><dx, to&<D*m<mmzm 

ffi, /\ny>7>^ A r !f*5<fctfCO 2 U—if 
S2^S«2 0^2Sb#5iRfifi*o?K-C*n« 
^rn**«tbT'bJ:Vi. *fc. #in&teJg2(DS« 

[oo3 5] *6«*tt*MT**K2^#A#Kfc 
**** **Qmuv»?T*¥mwmKmm&m&t<n 

sot, *JB»«ra«*fc:H:««^6 9 0 0t: (MS 50 



f$BB¥6-2 9 6 0 4 0 

8 

S#GaA5«±tfGaP*6ft*l&) ©«H#Bb 
T*5 9, 3CllDJ»feU36:Vi»'&fctt3 0 0-90 ot:©® 

a^ai/tv^, a-&»©*H»ttHj©te, x& p 

&V>*Bffll*J> M^tfO-lOkg/cra^fe^^I 

[0 0 3 6] ®2C0S«2 OliGaPCDffitC, ZnS 
e> ZnSMtfSlC^ 58ftfcBfc#UT89§fcS 

2 0<D*fcO^TfT^fcJ^ t^y^gl 6fct?ViTff 

&m&mjr&tvx\zmfr\zxy?>#?z>mz. 
mz&zvmx$>^T*>&\t\ 

[0 0 3 7] ftl0>S«U OStfflCDffi^ftte (1 0 0) 

mtvitifi, mjj&\m\zmfe2tLz>h<Dxtetsi<. m 

*tf(10 0) H»>Sft«, 1-1 5° tg#Tt> 

(1 1 1) A®^> (1 1 1) Bffi^T*>J:V>« £ 

SS^Kte&JIi l-l 6«J:tfS2(0Sfio«<9a 
t^T^lct^o Sgl<E>S«l 0©»*ttx 

[0 0 3 8] Sl^Sfil 0^S2©5fi2 oca® 

#ms#^ufc-S3i*s&KKfc< * i cds 

ffil OCOffi^tt^ (1 0 0) ffi*^6 1 0° «W\ |g2<Z> 
M2O0BM& (10 0) tl^tl^V^t)! 

6 ftTlr**. S1CDSS1 0*<ttf»2© 

s«2o©iga#ffcfcf:£, *rt"b*-«a*«*aitt 
#i;uiigi<z>s«i oco to 1 1] jjfatm2<D 
lfi2oo [oil] #fa£a*i~2° fntv^i^ 

[0 0 3 9] +t^^Bl6H S2O*iftf5 0t 
JB2oaMRt©*^ft*»lc, j^otta* M^RHTfr? 

HI 5*»2<0*»flcJB©»±JBiLTt)«^ttWtt-e 

[0 0 4 0] Sfc, ;ty7rHinifiJfftBftiSft& 
ff "SfcA fcSB l^SS 1 0fc*IH/t>F*iryy»l 2 

SIC. WOH^y^I12(^y77ilUS 

i^7^hbi3 t tm \z&& h rzmzmRmz 1 mo 
*ft&tt#t£ c * co « s fc * fc & nr 

JW, COBBA 1 G a A s l:imTfect<, &1zm 
[0 0 4 1] **»«IC^ViTtt, iHS2 5<i:tT 
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9 

AuZn, 2 6 t IT A u G e Sttffl 

fflLTUK S^lC, $Stffi2 5, SSfS2 6 0 
/^-MJ^ct^SfeOT^'pT^^o 

[0 0 4 2] &¥3l#Jgl 1-1 6teMOCVD£rC?g 
f&Ltztf. MB E «miXfc^^>-) }*, #XV- 
XMBES, MOMBE (%«^JHMBE) CBE 

[0043] mmm 2 > ■ 4 a. min^ 

[0 0 4 4] :05BK^*-HttAlGaInP«C 
McoJfS 1 0>4*«{tJI 40ip S!£>Sg 2 O^aMftJB 5 0 £ 

Hil3t*6ll«*nTO5. f§2<£¥W#Jl 
5 0ft S2^77Hil 5^7/11 6<hfr*>ft 

2 0 <om 2 5 0 £<DmRmm\zm 2 1 «w 

tcEMRl 9#»*snTV>*. f5 2<E>S«2 0<D±ti 
fck&m«ffi2 5«^tlTt^, 

[0045] coj:5a:iia*«rr«we^>f*-Htt 

[0 0 4 6] *t\ H4K*"rj:5te. *l»f (1 0 
0) KWKtttT^&nlO'NHI: 

7^118, A # 777lll, Wt>Hfir^il 
2, 01£r9? PHI 3, 7>K-:/©S»fcJB14» ff 
2^77H11 5 43cfctf*^;/:/Jf 1 6=&MOCVDS 

[0 0 4 7] &V>T, H6fc^T<fc3fc» (1 0 

0) ®T&rK «je*«ft:»UTaWftpffl©*2©» 
«2 0fc#U Sl©SfilO±^2©*S#l5 0 

y M7?>moTlBBH3 0 0 nmTKt 

io>#~rZ>mt-%l2VtZo *<D'&, fg2tf>Xffi2 0£ 

*J:tfH6fc*-rJ:3fc, S2©M2 0$i2Ofi 

K, 1 0 0g/cm ! ^^D3 0£fm*o ZKAttffi 

r, PHi*«krKH»fi-&»H»+. MS^soortci, 



(6) &K!¥6-2 9 6 0 4 0 

T4«fH»B-rS£, m2 0*#*S5 0<hS!2<Z>£« 

2 o t«nff»»^*na. **««M3^Ttt»K 

[0 0 4 8] ff§l<Z>S«l 0 : nIGaAs, f$30 
0 £irru 

X7f>^h^yil 8 : A lo.5Gao.5As, 
2 um, 

A77rBl 1 : niGaAs, I^f 2 /xm, 
10 ^mny^WJM 1 2 : nSGao.s I no. 5 P, & 
$ 2 0 nm, 

51^77^113 : nm (A 1 0. ? G ao. 9) o.s In 
0.5P, 1 Mm, 

^114: (A lo.-cGao.e) o.s I no.sP, JP£ 1 

S2^77H115 : pSJ (Alo.7Gao.s) o.s In 
0.5P, &2 1 Mm, 

^t7^H6 : pSGaP, l?$2/xm, 
?g2£>g;R2 0 : pIGaP, JPS 3 0 0m 
a? [0 0 4 9] Sgl£>3«l OO±0X7f>^X 

h7^H 8 *X7f >^Lft^l«ttX7^t > h 

T, SlOMl 0^Xy^>^tcJ;0^S-r^. L# 
x 7 h 7 ^1 1 8 C0±OA*7 7 r 1 1 1 
£xy5P>^LfcV>M#ftx^Y>F (77S) 
^TX7f>^X h77 r I18 ZJiy^ytflZj: 0R£S 
f£o 3effi«ffi2 5£!g2oog;K2 0©±ll: 

-~>?~?z> 0 «B182 6S;t77rIii© 
nrv^^88^ic-pviTa®aS2 6, ^77711 1 

2 6±[:MUcl/yXhA^>^0i<o 3 6 
tr, 21 CD<fc 3 frtt&CDfg 1 4 0 ®&<D&m± 

mzA 1 ^ostflgi 1 9 *x/x**ttT?#/auT**i! 

[0 0 5 0] ±Sl^M^t-H^y>^II<i: 
oTfy^iU X^AIcgffiaS2 e*«fMjrr* 

MSffi2 5lC#>7^>^Lfc&, 
[0 0 5 1] **JS«I;:*5V>T, S5 2 0XS2 0O8$ 

m2\*-^mz*v7^7ft\zmtfL\stci)\ m 
m\z*yzs^mzBf&?%£th*im-?$>2>o ±tz. * 
mmmz^xit. S2iwy>mst-s$ 
5cr »«c-as**iBBi4a:vi. m\*m2<D*m» 
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[0 0 5 2] tt. *m&m\Z#\,>T\Z. ^l^Sfil 
0<D±\Z. cn^OSftl)X7f h 7^1 1 

8 Zt\Z±Q, Xy7>!fftm\Z&z>?. m 

\zm i <z>a« i o <z>aft«i&*£fr 

Tfci:<, *<D®G\Z\Zrty7ymi 1WS^5, 

teJglO^ffil 0fc£tfg§2<Dg;fc2 0©#8 (G a A 
s) <hllfrntf4${cBa££n^ MAaGao.s I no.s 

[0053] *mmmx\$, *39ifc!gie>s«i o* 

^s-r^^ic^rh n WP^Sg 1 o¥£#JI4 0fl!l<D 
&w\zMLrzyt*fcM2&Tmr>thTz£&'vz, Km 

mmmm 2 e j&f&mzKmm 1 9 zi&i&tz 1 2 *> \z® 

fc<fc^T«if3n£<£T£itffi|l 9*m&l>tsi<XhZ- 

\Z, ^JURcoffi. T i Charts i o 2 a>£5^lffiMg 
[0 0 5 4] ft, *^JS^I^^l>Tt>^ffi011 1 £\5\*&<D 

[0055] mmm 3 > @7it ^jsw^^^ 

[0 0 5 6] u^^t-HttZnCdSe^fe 

<D*m&m 4otp a^i 2 <D*m&m t lx<d& 2 * 
a>££:£ffii<Dg«i oco±rc:^$nT*D, ii© 

yyyMA 1 £fgl*5^y KUl 3t*^8«$nT^ 
So %%m\ 4«^S^#F«ii<h^oT^0, Sg2 
F@ 1 5C0±MtC«^Kfi^LTgW^pS 
(3¥gfr^£fc£Sg2(Z>S«2 0«$nt^§o S§ 

1 <z>a« 1 0 (PisafctegffiSffi 2 6 tfM&zn. zkd 

H^llift <fc ? 1 9t>W 

«$tlt^4. S2 0SS2O©±IHIJiHtffi2 5 

[0057] r<o^^^«ig$wr^»^-r^H« 



(7) 4$H¥6-2 9 6 0 4 0 

12 

vxr<D& o \z ursiis n^o 
[0058] ^r, a7tc^-r«t3{^ wfi&& a 0 

0) ®T*D, %MIi:MLT^^nS©f*ft 
1> *HA>H^V^^12, S2©n777i4 
OfBfrll 4Mi;S2^7yHIl 5$MBEM1 
[0 0 5 9] ^Vi*T?> ffijj&tf (l 0 0) m 

10 Mfi{:MLtS^pI^»^^^§S2oSS 
2 OS6<x-/5 1 >^T^oo^MJ[i^$U^ fgi 

— Sc£ii:Te#, ^<D±lCl 0 0 g/cm'CD&fcD 3 
0£«it>5o Z.<D^MX, H 2 S efcJztf^S'&ifB^ 

ms^5 0 oKizvTA&mmmTzt, sg2^ 

v Hil 5<hSg2tf>»«2 Ot^^^nSo ft* 

[0 0 6 0] gllOXfil 0 : nSGaAs, 
^ OMm, ^$10X12mm 2 , 

glO;\^7 7ll 1 : n^GaAs, 5 Mm, 
*ffiA*>F^*y:/Jil 2 : niAliGai-iAs, m 
$0. 2//m, 

^2(0/^7714 1 : nIZnSS e, JP$ 1 /im, 
Sl^7yHBl 3 : nSZnSe, 1?^ 1 /im, 
%3tJll 4 : Zno.s Cdo.2 S e, 1 5 nm, 
%2^vv FBI 5 : piZnSe, I$2/im, 
S20M2 0 : pSIZnSe, »^3 0 0/im, 
$10X12 mm 2 , 

30 wz, miom&i o*xyT>zr\z&^Tmzi 0u 

m^T^o Au^(£>^S«g2 5£|g2(Z>£« 

2 OOiiBtd^L^. ^^-huy^^^^-tc^o 

S26&si ©is i o <omm±mzmmi<rci'&, y* 

hWy^yj-lZ^XFy h«OI/yXh/^-> 

$^**r^>o Sfflllffi2 6±IC^bfc^>?Xh/^- 
140 &ft<Dfgm±mz A 1 ^<D£ttK 1 9 * 

[0061] ±^urc^^-r^-F«y^v>^iCcfc 
sag 2 5 ^^>x^ >^bfc^ ®mM±rz>« 

[0 0 6 2] B2^7^HS1 5 t^2<7)Sffi2 0 £<D 

ztftrnvm^zm 2 <dm& 2 0 <o ±& zyt^mumxm 
gLfc«g*, &G*&\zmfrmzmfr\z&&i,x^rzJ 
50 *<Dmm\zmfeznx&r). ±mft<Dmmz*i-\zm& 
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13 

»^Btt±E*»ffi^#<<aen, ££S§2©g 

«2 0*fcfc^jt,5nfctf, ^©ffi©S65H;:£Tl2;# 
otl^ofc, Jttfc©#:tf>, &£llfi©!g2©a*g2 0 

©Wffi£«S?b£#* *^fc«©*a»i*^«iWS* 

[0 0 6 3] ^^*S0Str^ UTtt, 31 2 ©Sfi 2 0 £ U 
TZnSe^bfcc ^ZnSeli, SlOSfil 
0CD»»T?*^GaAs^»?)e*^*fe8&TiE<. 

ZnSelJ»JSitl/fcft &*6iktVT 
Wa^ttfiaXHCTtS. ZnSe(Di 
fc, Z n S* iff S 1 C«OlHH^OftJHWlC« 

wrett^fawtfc**** /t>F***:/#iMBi 

[0 0 6 4] Si, »2©5^y FBI 5©±fcF— A<> 
FBI 7£»<»j£LT*>,k^«, *»il/TttLl#|f 
*KJBV*&n*#, As:j3<ktfSb3?©V&©@# 

m-f* £ K: J: D ^&£©^#n?jrt*«. fg 
2 ©Sfe 20ilTpiZnSe IC tt, 

imtLTBAL GafcitM n*©III*H*7G* 

[0 0 6 5] **JS«fc*^Ttt, S2©I«2 0 <h!fl 
299 v FBI 5^:(D^iI&5 0 OtJfcb&tf, 2 
0 0 0 < CcO«H^fi3T*-5. 

[0 0 6 6]**»«Oi^ Zn.Cdi-.SeM 
14©X£0. 2tUfc^ XflOBtt»l:H£Snfv 
«itfX=O0ZnSeT?*oTWK £©IB 
ftB 1 4 tt2*«T#F*liS<D<fifc. «*tf Z nSe/ 
Z n C d S e ©*S&T#F*&T»^Tfc«fc^« 

[0 0 6 7] *jfc* #*8S0J©*<&, K2©/ty7rl 
2 2linaZnSSetUfc^ fOS^IInSl nG 
a A s Tfcott)J;< > *f:nSZnS/ZnSeM 

[0 0 6 8] *MMJTWU I1^7yKil 3*5<fctf 
S2>7yF»15*«l:ZnSetbfc^ Z.(Dvt> 
©*ft<tt-*SMgZnSSetf5t, /t>F* 

*©T, 

[0 0 6 9] S6l:**lMl:*^TH #¥##B l 
1, 12» 41, 13, 14, 15S:MBES"eMt 

fOI^I:«^tfMOCVDS, MOMBES, 
tfXV-XMBEft, CBEtt«T»J*LTfeJ:^ ft 



(8) 1$i?6-29 6040 

14 

T> Se*±«S<f*6W!Snft:II-VI»^»#t« 

[0070] *«)m©s#. auras 2 stitAu 

*>«fcH. «Htti2 6i:l/TAuGetttffll/ft 

*f» *©tt©na^3?»mHMl/T6J:V>. 

[0 0 7 1] get, *o«k:, *nnm\z&^Th$mm 
io i *s ctr^jsw 2 £H«©*oEj^trc*s. 

[0072] gam 4 ) m 9 », **m«r©«*^>f 

*-F©»j6XgS^T»rHBrc*D* H10«**SS 

[0 0 7 3] c©«^-f^Ftt«ll«11iWC<A 
lGaInP*Ofe©t*5ft 2 ©S« 2 0 flt^MI 

fcfc, »2©*«2 0±K:«i2 5ftK^rffc, SSl© 

s«fi)^-SBx y y >^*r * c t o si 2 #«£!©¥ 

»#B1 6frS«S2 5£«0ffil/O>*. 5B* 
^ R 1 4S^Tnfi©»l ©*»*I4 0 t pSO»2 
(D*»frl5 0 t^Lfciiife^Tt^. SB ICO 
*»#i4 0lt «3teS«fc#UT*»Wfcnffl©4MI 
**6ft«JB i ©¥##S« l 0 oil:f«$ni^ 
D, /^7rBl 1 fc«MB/t>F*¥*:/JBl 2tll 
9 9yVmi 3£*&*lft34TrWb. — 35u 3&2©# 
VfMHU *2jr^y FBI 5^7^116^5 

«ME2*rr»«. sg i ©as i o <D&mz\tmm 26^ 

[0 0 7 4] C©±5ft«Jt*«rr*»31£^-f*-Ftt 

[0 0 7 5] *f\ H9fc«-rct5IC, Sffi©B#<fo&* 
(10 0) TfeO, «3tt«fiR:»bT^aW&na!©* 
*ftfc&fc*m©¥**»l 0©±K^ nlAy'7 
rill, nltH/OH^y^i^, nffl*l* 
7*; FB 1 3, 7>F-^«KH14. Pi»2^7^ 
FB 1 5*WpS*t^^il 6$MOCVDS^ 

[0 0 7 6] tt^T, 9KXttSlrMbTBna:jtr9X* 

4? <o *9x*6ft*iB2©aMEtt»eo*tt«»fca^ 

©T* «<#l*ltt»fcWfcttV>. ffS2©£«2 
0©±KU 10g/cm 2 ^'bD30$i^. *5t> 
D3 0tl/Ttt^7 7-fh*ttffltfc. *©3£, H2 

mm%rFvmm&4 5 o*c^±tf % 2^sm 0 ^ 

[0 0 7 7] N v *SK»«K*^T»4«E*J:t«HF» 
#I0IW»±OT*B, M*tfElT©J:5fc-r*. 
[0 0 7 8] |gl©gfil 0 : nSGaAs, )l$2 0 
50 Oum, 



—272— 



•«2 
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A*7 7ril 1 : niGaAs, JP£ 1 jxnu 
4 3 H/N*>F3 r *y7 p Jf 1 2 : n^Gao.5 I no. s P* Jft 
£0. ljLtm, 

gl^77F113 : nSAlo.s I n 0 . 5 P> J¥£ 1 \i 
m, 

(Alo. 2 Gao.8) o.5 I no.sP, J»2 

0. 5£tm, 

S2^7yHBl5: piAh. 5 I no.eP, f$l/i 
m, 

^r^/^Sl 6 : piGaP, m2 2um. 10 
0 : »$2 0 0 ^m 0 

[0 0 7 9] &\Z. mi 0\^T£o\Z, ^lOlfil 

o*xy?>4f-r*e:ifc«fcDJ»3 l O/zmfcTSo a 

[0 0 8 0]J^T\ LED?^WM6 2 
fSlCDSKl 0±fcnfiJ«ffi2 6£Jgj£U LEDf7 
:/<DSffl6 lfc*^T«HL/&pl!^yyjBl 6<D_t 

[0081] $e>^> ^n$^-»^aotf7/ 

[0 0 8 2] **SS«KOSg^-T*- Ffcbtvrtt. * 

Y^iie ctsia^ &<5?g 2 <ds« 2 o ttmm 

[0 0 8 3] »2 0!)ai«2 0ibTtt*5Xa£*©IS 
AhOa, TIO2, MgO^±tf-tn6CDflS'&4)i 

[0 0 8 4] GaAsIfil 0©affiOffi5ffitt (1 0 
0) £<0ffi#<fc£ffl^TfcJ;V>. 

[0 0 8 5] ^<DtelC, 44BK«lC£V>T«3GKffl 
1 ^t^Jfi«2 tH*OJ6JE#«pr*T**. 

[0 0 8 6] 0HM5) HI Hi, #^SSfl!cDfg3fc^ 
-f*-F©WBXS*«r(frWHT*D* 01 2tt#* 

[0 0 8 7] 21091X^^4— Kttftllfl3 Z 
nCdSe*OfciDt?M^ »2©Sfi2 0#¥*» 
SfiT^<SiMfiT»5S^otl^o £<Dfc 49 
»2Ol*2 0±l:ii2 5ft«JtflC, mi CDS 

cm &-asx y ?->jfr « c t c J: 0 g 2 sut^o** 

1 4£»^Tnffl©»l©¥«MWIl 3 tp 1^2 (D 

iWWil 3cDj£SK:l3*ffi2 6#»riE3ftTV>*. 
[0 0 8 8] COJ:3ft||JB*«f*We^-f#-Ftt 

[0 0 8 9] *-J\ HI HC^Tio^, ^®(D®^& 
# (10 0) T&D, *3t*«fc»LT^a«a:nfflfl!> 59 



if$RI¥6-2 9 6 0 4 0 

16 

1 1 0©±fc, ni;ty77» 

11, najBU7yF113, 7>H"^il 
4, PIS 2 ^ 7 ^ HI 1 5 SMB ES ^ffl ^TIM 

[0 0 9 0] «^T, «W©HD5Fffi*t (1, 1. -2; 

*»2©iS2 0fc MMoctttcoavK^L 
1 <ds« 1 0 o»HHK:tf[srr -5 te» 2 ^ 

7'7FB1 5CD±tCg< a -€-<D±«Cl 0 0 g/c m 2 CD 
^0 3 0^-5. ZOSQSfcTett, *5fcD3 0<hL 
TMoSffl^, £(D#&T, Hi»H»*K M&£5 
OO'CKlJitf. i£j!4 8 8 nmCDA r U—'tfyt&fflfH 
U 2^fflftBf^o 2:©ArU-lf3e»4iJ-7r-Y73^ 
^^:^2®M2 OtttlU v>MR2 9 7y\*mi 

[0 0 9 1] SlOlRl 0 : nSGaAs, I$2 0 
0 Mm, 

Sl0;b77ll 1 : nSGaAs, 1 Mm, 
f&l&yy HS 1 3 : nIZnSe, I3 3m 
SBtS 14 : Zno.s Cdo.2 S JPS 1 5 nm, 
K2jr?y FJI1 5 : pIZnSe, JP3 2 jznu 
&20&K2O iH-yr^T. ^2 00/im, 
[0 0 9 2] Jfcfc, HI 2fc«-T«k5K:, ^lcDSSl 
0^tfnl;ty77ill§i*t ; 5. SSfc, LE 

■ pI»2?7yH115SBUS 

[0 0 9 3] jS^T, LED^y!/cD*M>*6 2fcfc5 
•nII1^7^HI13±l:nfflAutg2 6 

u LED^^^nae uc*^T>rmi/fcpa!*2 

HH^^y^JBl 6<D±tCpfflHAuSg2 5*» 
[0 0 9 4] SSK* 2in^<'»^Cct^T?^^ r 

[0095] *nmm<Dm£?'f *— Hfc*viT», g 

299vYMl 5fcg«*#Sfc*g2©*K2 0i# 
[0 0 9 6] **JSWCtt. *&ttfcA r SfXMft 
[0 0 9 7] g2<D««2 0 tLT^7r<7Sfi© 
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(10) 



9 6 0 4 0 



17 



18 



3. 

[0 0 9 8] GaAsISl 0^ffi©ffl#&£ (10 
0) , -tJ-^r-f 7Sfi 2 0 ©3fS©M;£{i£ (1, 1. 
-2, 2) tVtcifi. GaAslSlOOfJfitlT 
« (1 1 1) Bj5*fcl4 (1 1 1) AB5£fflV>Tfc«fc 
<. 7?^7M2 OCffiJttLTtt (0 

00 1) IP^cBSMMCt^fS. ZL ■ 

©*§•&. GaAsMl OOffi^ffitLTtt (1 1 1) 
Bffi££Ki (111) AMi^ 1 ~ 1 5° m^1tM&m 
^Tfc«tV». ft. GaAsSfil0W7-f7Sfi2 JO 
0©E*fi©iffl.*-&toti:tt^rUfc±^oa0T*-5i^ 
H«35:<, W^GaAsStl 0 £LT (1 0 0) 
®. *77-T7Mi:tT (0 0 0 1) ®«;ffl^Tfei 
^. 

[0 0 9 9] ft. *-©fit}Kl, *HJ6CTC*^Tt)^iSCT 
3 fcffl»©JE»&niJirc*5. 
[0 10 0] 

[SMI©**] K-h(OittM*^916*^J:5(c. 
»«7)^2rosss:S^-r5. £©fc». *mw\z&n 

mr- P©*JMMfc*J:lteatt©|fia±te*V»fc«i£ 

[BH©ffi*ftii»3] 

[hi] *»w©*»mfc**wey-f*-H©tti 

[02] **WO*ll«lT»6n*5l3e5 r -f*-H© 
8rffi0-C<fcS. 

[0 3] *56W©*JfiWl©5B3t^'f^— KoWt* 
[04] *»W©3lM«2fc«4»fc^*-F©«B 



[0 5] *»WO*Jt«2T#6na»3e^-f*-H© 



[0 6] *£H©3&ffl2Cff«82©¥*4M4 0& 

m2 ©«« 2 o kmm-sxn&mm-r&w&m-e&z. 

[07] *!6W©«(S«3fc«S56>Ey-r^— F©Sii 

i@£sR-rBrS0T?&*. 

[08] *«W©**M3-C»Stt*SBfc^-f:i--K«!> 
BrM0T&£. 
[0 9] #»WOjUi«4K:«*3Bty-f*-HO«fi 

[010] *58K©^«0J4T?^&n*«5K^*-H 
©8rffi0-C&3. 

[011] *»W030g«5K:«*»3fey-r*-H©« 

jsig&.^-r»fS0T*«>. 

[012] *»W©3»B«5Tr»6n*38«^'f*-H 
©f5rtB0T&-5. 
[013] aaEOSBCy-f *-F©KlBBBTr**. 
[«F#©gi^] 

io $gi©g« 
ii.4i rtyyrB 

12 

13 Il?77Fi 

14 SBfcJg 

15 B2999Vm 

16 ^r-vy^Jl 

17 H-/t>hg 

18 Iyf>^hy7l 

1 9 RStR 

2 0 H2©S« 
2 1 SI 

2 5. 2 6 WM 

3 0 

4 0 mio^mmi 

5 0 JS2©¥*4*II 



[01] 



[02] 



[03] 



.30 



-25 



(a) 



-60 



(b) 



O O 
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